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(54) PHOTOSENSOR CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To expand operating range by a method wherein, 
after a light signal has been detected, the gate voltage of an nMOS transistor is 
set temporarily to be high, a drain-to-source impedance is lowered and a 
capacitor which is connected to a detection terminal is charged and discharged. 



SOLUTION: When a light signal LS is changed over to the standby time from 
the detectable time, a voltage VG which is sufficiently higher than a drain 
voltage VD is supplied to the gate G of an nMOS transistor Q1. An impedance 
across a drain D and a source S is lowered, a capacitor C is charged quickly, 
and the detection voltage VDO of a sensor detection terminal P is raised to a 
value close to a power supply VD in a short time. When the light signal is 
changed over to the detectable time, the drain voltage VD is supplied to the 
gate G t and the impedance across the drain D and the source S is raised. When 
the light signal LS and a sensor current ID are very small, the sensor current ID 

is composed mainly of the discharge current IL of the capacitor C. Consequently, the range of the detection 
voltage VDO of the very small sensor current ID is expanded, and a dynamic range can be expanded. 
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KPDfcfi*Jfc8i|^£ftfcn7 < -**;i/MO S h-5> 
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h*«aflt*nfcn^-v*;i/MOS h?>y^Q2, n 
ft^MOS h7>^^Q 2 fcjgJiJKg&gSSftfcn 
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imxmn #ra*ft««-ttftffi-rs#-«ai*si# 

b^>S>** ^iM^fttfcttS-T 
*fi^**Wbt«, HtiI3n^^^;i/M0S h7>^ 

%ti * n 3 > > -9-©^s * fc itmm^mm-t % mm 

ft « + « tfcffiSJEE K gfelft-T Spft 

s«m t tt« b fc&tB»;E ft Mm -r * ft m 

3.3 ffilBfl-M&fclM^S©*^*** 1 * 

mm<Digr&lzi±, flJBBMOS h5>^^©#IW«fttft: 

*r« b &*hr*ms ft j& s tft u*E ft ttffl r * tts jfcap 

ffi^ftt£*3Ci:ft#gJci:-r3af5f?« 1 £fcttMr*gi2 
f3ffi©ft-fe ViHslB. 

[#gB8©P*ffl&l£Bjn 

[0 0 0 1] 

>itm^ft^ffi-rs^-fe>+riHiss{r^»), »c^t? 

[0 0 0 2] 

[«£#©««] «#©#-fe>"*iaKfcj3^-t\ i$JK (jfe 

m*) t:*r«ufc-b>t»-««[ft*tti-r67* h^-f 

K (PD) i;, 7* hf-i*— FMIWlb&-fe>1J-«« 
fc*6tT«0B«rtt©«lli«Elc:*lft-r*aaftllWRi:ft 

sas ote^) ft-fe>-9-ffi77i:UTaEET'^m-r 

5fc©tt«]£axTV>5. 

[0 0 0 3] El 8 JCt^3l?©-)aSB<3*7fe-tr ViHelKMIlJESBI 
ftSv*-. H8C*OT, — ttWfc#-fe >-*!a]»tt, 7* 

hy-ft-KPD, mmmmmop. sm^Rfta*«i 

■y-««EI»ft»ftBRftftfir4:UT»f«y'f >*i«U 



(2) #BB¥1 0-9 0 0 5 8 

2 

■b>"9-«*ii,njt«bfc-fc>-y-da* (ftt«iffv D ) ft 

U*t43i:fcJ;!), 7* by-f tf-KPDT-ffc(Ub£ 
3fe£^L.lCttj£l,&tftUS£EVi,ftaMg (U-T) #{4 

[0004] «£*©** >t*-iaeci3v>T, 

(3fcfi^) t»*6bfc-fc>-!t«aEft«tH-r4 7*hy-f 
(PD) £ v 7* h^r-f*— FuMJWJbfe-feVtJ- 
«»fcffifcT^4#te©«W«JEfcg«iriMOS h7 
>S>**4:*flM., MS (ftff^) ft-t>ittB*i:bT 

[0005] 09 {cee*©^-fe >-9-ia»*j«iaft^-r. 

H9fc#vvt, ft*©** >tMSI» 1 0 fcfc, 7*Y4T4 
FPD, C©7*b^-f*— 

-KPDi:nf^;i/MOS h7>^^Q 1 ©m8!/£ 
P (-fel/-*tftffl«l ; f) fc^— h*««l«$nfcii^-V*;i/ 
MOSh7>^^Q2, nf+^l/MOSF7>-^ 

20 [0 0 0 6] g^j£P«c(£, 7*h^>r*-KP 

O S F7>^X*Q 233«fctFC:h,£©^SftfflSX&$E 
-T 3 £i£*fc v¥$£fi©1&J5)c£ *Lfc*« 3 

>^>^#g^£ft3. 

[0 0 0 7] 7*h^*-KPDit 3"6<l^L s fttfc 
tBU 3fc©^L»©HRflEfcJt«Lfe-b>-y-*«KIot*» 

-r 3. 

[0 0 0 8] nf + ^MOSf>7>^^Qltt, 7 
30 * F^tf-FPDWft^ftJfcJ&b, 7 * F **-f F 
P D TJtftttJ Ufc-fe >-tM*«E I oft*JE ££& bT-b 
UkUWil^ P fctftffi*£E V D ft$S£?- 3 . 

[0 0 0 9] nft*;i/MOSh7>^^Ql 
tt, -fe V!«88E I »*«/J\Sa:«H©aK*ittJBTJ«R«F 

ttsttsMos h7>y^^ftiSfeMu 7*h^ 

-Y 3t"— F P D TtJWi bfc-fe I D ft*ft&f*ttft * 

-T St^ii ®EV D ££g|U I b 

TfcJfflHBSftfrV^ AACWtSUijO^t^ff 
V y i? ft £ < "T 3 £ i: ifi X- § 5 . 
40 [0 0 10] nf^4.;i/M0Sh7>^^Q2lt tU 
*h5>S?^^ftJBJ«U tftlH«EV,>*-fe>U-«SHg 

^fci/t#-fe>i*-ia»i o©^gp{cm»)m-rfc«)cmff 

-«8ES£»ftff -5. 

[0 0 1 1] nft^l/MOS F^>^X*Q3fci\ n 
«6fi^ft*|.WSIHIK:tt**fctt«IBf-i-«fc«>©^-f -v^ 

ft^m-rs. 

[0012] ifctc, «£*©3ie-fe>-y-iaBi o©»^t:-o 

50 l/>f >D*5<t^y-FGtttta©S®VD 5 



3 

v) izmmztiTX*). xm^L tita^m 

X -b > it^tBSS? P ©t&tfiSEE V D^fl V D {d i£ v v9r 
j£tt*T?L*»±#*-*\ C©3f5tfifcfc:7;*- hy-r*-K 
P D #*{s 9 L sfctfca! b T ^ & v ^JQftffi i: & 3 « 
[0 0 13] WKtt^^ta&ttiSffVr,©;^ 
£tttt, n>^>^C*S3!5*^nT-b>-y-^tB^P© 
&mmEEV D #±#bTg®VD£j£tt<£o*i,T, n 

Rg©SEEVc S (KW >D-V— ^SP^©SffiV DS h|5) 

tl) wu. >d-v— *siffl©-r y 
[0014] ^tvti offl^!JMii) l e)^ 7th^ 

^-KPD#^ff^L s $:^tiJ-r?.i:> yx-hfJ*— 
KPDJC-bVltS^lB^n, -bVit^ajaS^Pffl^ 

S b7>i?X#Q l©KU"f >D-V— Xfg©^ >f — 

[0 0 15] 7* h^^--KPD©-fe>-9-«ifitI D {i 

JEEV D fct*>+f«^ I FHVD- 
V-Xlg©^ >e-^>;*£Sff bfc{Bfc©T% tftffltt 
£EVDO«Wtttt*Ui-r*c4:t:j:t», 7t{g^L s £1&aj 

[ 0 0 1 6 ] El 1 0 fct£3fc©7fc-fe >-9"[HlliS©-fe >1f«M 
iD-^tHmEV^ffiS^^-r. 01 OC43V»T* 
>^1IS&1 OWWitBttJitjS^ (-fe>-9"*iiKlD= 1 0- 
12 A) ©tfta*JEV,>©ffij£flattx #l;Lf£4. 5 VT-& 
tK I 5 <ff«inbfc 1 0~ 7 A (-fe>t>"S 

«EI D =1 0- t A) T-lis tfcffi«BEV D «:4. 2 

So 

[0 0 1 7] -rfflidl^ t£*©ft-fe>-9-[H]8§l Ofi, 
MW^L s (D5ffi (1 0 7j{3) ©^b£tfcttJSEEV D © 
0.3 V(DtfcmX-tkBi-f2>Z£ifiX-gZ>tztb. Ms^L s 

mmtzzt&x-%2>o 

[0 0 18] 

[#8BJ§##?jfcb<fc?i:-r£»Jffl] H8t^-r^*©-)9S! 

^{±, fo&mKv D ifim.nm.fcx-mm.ztixffimi>. 

[0 0 19] £tz, I9{c^tt*ffl^t>it(n]Kl 0 
tt» 7* h^;*-KPD#7fe{I^L s £&ttSb«e<fc 
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■y- c tz&jtmnm, i j^int -t >-9-t^ffiiS^p ©&tn 

OS h7>^7^Ql®Kl/^ >D-V— *SK©-r > 
tf-^>^*s^l®^ifAnUTmSffi (01 o#j«=Q &.± 
tttf;!robfc<fc£o 

[0 0 2 0] El 1 1 lC^©^-fe >tf @SS©B#F^ t 

Yv-i x-h-pv&mmztixfrzmrsfgmtiz 
io »uTm*fit>s»*-«tt3&JSKiiin «&tts«Ev D =4. 

[0 0 2 1]*Hr >+>-[I]S&£«$r? h U ^X^tclBM b 
fc^-fevi* • Ti/-i:bTit^§tc®/8-r£t§^ tfcW 
«EV D *sm^ffl (4.5V) fcSUarr4Jfc*$|ffl#«^ 

tttb. &*^ic&mmm<t>Mmt\,xm7rs2tiz>mmifi 

[0 0 2 2] t£*©7fe-lr>-»?-[I]ggl 0I±* El 1 0 

KSt-<fc?fc:> ftfs^Lstffl&'h (-fe>-9-S«tI s = 1 0 

20 -"~io-"a) siiT*, &tihm&v D &ttm.ft& 

Zm-rtz&b, fl£>J^ffl^Ls©«'J^ffil^;i/{»#*S 
fctt i: * o T -fe > tf-SaHflST-*- S ffllStfifc £ o 
[0 0 2 3] «3t6©*-b>*|5Ittl Ofcfc, > ^ 

XC*fLtnf+^l/MO S h7>^X^Q 1 

&y^XU^;i/&7feff^Lsi:bTPM&mU m^/M. 
it (S/NJt) #ffiT*-*::fciC±oT«»rT?S4J!R 

[0024] zomMitzv&otjimm&ffiVt-tztzisb 

30 Jfe^tlfe^CT-s -?©^l©Efi<]tt> S/NJt*S7C^ 

s ->7b>y©l£V'>7 i e-fe>-t>-|5]ESS:ti#t-f 
5. 

[0 0 2 5] ^2©Bfl<J«is Stl*Slg4LS: 

V^7t■fe >V®m*&m-t 5 c i: t & £. 
[0 0 2 6] 

[»M^^-rsfc*!)©^] «j8aaw*i!i*-rafc«> 
c©)fc-*^gi^ia^tBb 

-hmff*m^B§F^fcttffiv>fiStlS;^bT FN >-V 

[0 0 2 7] i©«Wt«*3fcHr>-!tiaBH:» 7tff^5 
ttffibfcft, nft^;i/M0Sh7>^^®y-M 

50 ©'f >t-y>^SrigT^-a-s tftttJiS?t^**ifc=i 



(4) 

5 

*.£©-?:, f^B$©&mm©^£fitfttfctB^Jffcfc«<a 

[0 0 2 8] z<nma\cmz>y6±>v®$&&, % 
m^mmx^m-t^yt-m^m^mt, zcdk-w. 

ttS^4|jWi«£EC*»-r4p?- + *^M0S h7> 

V7,*k., Z.<Dp?-**)\/M0 S h 7 JC&?Ufc: 
S«B*ilfc^-Y ff>^fflpf+^MOS 10 

*-fy*->^ffl© 

>*ft<gT£-g\ *ffl«?c«*3nfc3>^>-tr©3E 
«s fcttjMtsfiiflri- s»«Hiase*aftfliAfc c t ft# 

[0 0 2 9] C©^6W«C^53fc-fe>-!tllIBStt, 7^4 V =f- 

>fcT— y>*ftflST;¥i»\ ttajSB^fcSiilSfixfea^T* 20 
Of, pf t^MOS h7>^^tifiJLT^ n 

[0 0 3 0] £££s £©$BWtcfli3#-fe>-y-lI]B&fciu 
>tf *»#«'.h«SK©»'&S:ti\ 

n i/^yy-tDi&mmmfcitm u&ttowtffifttWH-r** 
}ej«5S««ftfliA4tt*fc. #-«&*»^«©-fe> 30 

imfcmb&jffltwttft^'i-stfttBWEEftttai-riW 

8t«5aP«*ft«lASCfcft«raJ:-r4. 
[0 0 3 1] cw^Wtc^S^-feVtfElB&tt, ^-SM, 
**#«©* >i**^#*'h««fc©»£k:a:, 3 >^> 
tfflStltSt: it« b fet&mSJE ft «ktHf 4»JBJ4i»* 
*ftfSASfci:*>fc, *-««***«©-&>■*««£# 
*l»!)l6i:tt, MOS h^S^^ffljaflrWttfc** 

^u&5t«»ttft*i-*«m«£E*«ai-r4««j*** 
^ftn^fe©T-, «/j^*<i9ft«Bje**«"ctftiH-r* 40 

<7 U >2>ftl£ < -T* £ fc#T- * 
[0 0 3 2] 

[«flll©fSIfi©»»] ttT, £©#Sl»©3Kflfi©Jl2»ft» 
ttHBfcaS^TSMB-*-*. Bllttc©»WlcflSi*-b 

v-y-iaBSflftsaia-?**. 0 1 ©^ttsniKtt> n 
vmaifflTP tmm (gnd) miti«*ii&»-&©* 
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[0 0 3 3] *JJWKJ£*« 2 «u * -f v#gfc, ^0#^IS! 
**J«U 3 fflftffWIBfc^MWBIHIfcTf, 

■eftHfc 5ffi©^- h «BE V G ft ft* >it 3 © * * 

mos h?>s>**Q i©y— bG icmife-r&Jiom 

[0 0 3 4] H2tt£©%l|l£fllSaN!l^¥&©Sfff 

ravtmi&mx-ibZo H2icisvvc, fljwt&^s 2 

HU *>fv¥«4, SD#3MS!5ftll;lS. *^v^©4 
fct^-f ^©ffl-BSHMft-CfctfU ft-fe>tf3##M^L 
sft*fctBoJf&&l$f!gT 1 £ttttM$|H]T 2 fcftffiJUiT ( = 
T1+T2) fclxfc*-f ^«^T»ftttJ#*a5fc«0fc 

[0 0 3 5] ttJ#*«5HU -f s^TltMt 

Htnft^MO S 1- v>i>;**Q 1CFW >«ffi 
VD, *fcttFW>fteVDJ;&t)3fe#»V^«©«£E 
VH&IKU >iEVDJfe(ilEVH©^f 
ni»fty— hSJEVGt Itnft^^MO S h7>y 

q i ©-r- h Gt««&-rs. 

[0 0 3 6] ^-hSjEVGfcfc, *^v{i*§T s 

##{i^L s ft&aJ°JfE&[l#FsST ltliFH >«EV 
Dfc»£U 4"f v<g9T»*««WI«HHT2ttt«£EV 

H iZ §§/E[ ^ o 

[0 0 3 7] H3tti©»Wt«S«IJHHS£*®©*-f 

3. H3fc*S^T\ ^-f^gKtt, }fc{f^L s ftt&m 

©*^ff^T s ftffi:*JU ffiVM3MB3nT2©J0!M<C 

[0 0 3 8] ^16511 Hl/^l/C^-f vff^Ts 
#m7j;**v£«8fffl (WMHTl) Cfi, h-b>f>«JEVD 
ftjl^bT K W >SEEVDC^b^^-hSJEVGft 

[0 0 3 9] — Wm^-Bi 5 tt^ L U^;i/©^ -Y ^« 
^T s *st±S7J^n5»BP^ MT2) Ctt, Kl/-f>« 
EVDit) t>3fi«"SSV^ie©«ffiVHfta*?b-cy— 
ffiVGi;bTtbi^1-So 

[0 0 4 0] B#fHT 1© KU-f >«£EVD*J«tOT^HIT 
2©SffiVHT-Jfc/££*l£<y-h®EVGfci:jg|fiT ( = 
T1+T2) f»fitTa*U Jt-b>-y-3©BM^ftWJ 

[o o 4 i ] ft*>y3&, ft-m&£&^m*. 

tt7*h^*-PPDfiJ«bfe«im5, n5^ 
*MOS h5>y^*Q 1©^— bOftWMHaS^*® 

2c««is-rsw^tt, H9t^-r3fc-fe>-b-ia»i o t± 
<isib^jgKft^-rs 0 

[0 0 4 2] 3te-«ft***Stt, 



(5) 

7 

JiUvW >y^tc n^ + ^;i/MO S h^>iSZ.#Q 2, Q 

3£m->fc#> nft^Mo s K&e-r 

[0 0 4 3] 3fc-b>-9-Blttl<DiM^K:-3^T»ro 

*3*WflHT 2 «^IS;«^2^?,n^ + 

^;i/MOS b^yVXfQ lC^-hGfc FH >«JE 

v d £ ti ^is^Sffi v h y mm v g t ut w 
u-f >D-v-^spa©-r >t?-^>*fci:{g,ffiin;t&o 

L"f >SEEVD = 5V) &C«{^?bV>fi mZ.lt, 4. 

9 5v) *-e±j?-ra. 

[0 0 4 4] 0 4l±d©#PJ3fcG&3^-fe>-!*@E&©B$|ig 

?SVD (5V) CRg»3«:<j£^fM*T-±S-r§o 
[0 0 4 5] mKffllHIT 2CDtfc£BSjEV D o (gH&l^) 20 

au >-y-iaB i o©»aiiEv D 

[0 0 4 6] LfctfoTx *©-^L»ft«tilqII6a«HH 
Tl*^«RHT2M!)i5i:, ^m*JEVno(±ifi 
^KllVD (5V) CJB»)5ft<iE^ffl*TJ±#U tft 

a«E Vdo^^m-?- l s ©ft/ht&tb u c Mat- b fctt 

amines© J; 5 £v «ffl*EV,^B»l39!j£«E*Mtt< 

T ftfi^ L s ©g/J%tfcfcH u ^;i/$SH flC$?i;i:i:SS 30 

[0 0 4 7] *WB"5L s ;fetftU*rtgfcB#IHIT 1C 

ufcto, e^/ssw (s/n) jt©s^-fe 

[0 0 4 8] 6, H3fc^-rjttffl|9Ls*» 

ft^MOS h -5 Q l©<r— hGJC KU-Y > 40 

«ffVD##t*&;**VT F l"f >D- V— XSF^©^ >fcT 
Af* fc#>> #{s^ L s#*/hT?-fe 1 1> 

t> 'h * v ^ HT- -b > ItSgiE Iolinf+^MOS 

[0 0 4 9] Lfctfot, -b>^ai^P©^ai«E 

[0 0 5 0] ^g^LstfiiinUT?* h^tf-KP 
DO-b>*««EI»)6«if4D-r4fcx -fe I nttMO 50 



WB8¥ 10-90058 

8 

5, -fe>-9-^iBJS^P©^tB«BEVDott, n?-**;i/M 
OSh7>^^Ql ©fttfttttfc*** Lfc*tft»e© 

[0 0 5 1] 0 5fcfcCffl#gB^£^33fc-fe>-tt-[n]88©-tz> 

>r>*C ©fifc«*ifi 1 1. 1 tt« b tzU%.mm&Bi$, 
U t >itil I otf^:? < ft ttM O S h 7 > 

*JX* Q 1 ©ftWttttC*** Lfc*HR««*}g«-j-4. 
[0 0 5 2] nfl-^M0SF7>^^Ql 
ffly-MEVG^KH 1 >«JEVDfcK«L&f£ 
#©#-b>-tf1§]gSBu I »#*/hlSHT?*« 

JB**ft»J«*-r. f&W«JSEV D *lS 

[0 0 5 3] 0 5fci$V\tx l^mSJEVDo©^^^ 
fr&lfl^lRtt^©^ 7*b^t-KPD 
iciJiiSt^tiglDhnft^l/MOS h7>^ 
*Q lfc8EftS*aEjWpL<fcofcjSi (05T-fi:-fe>-9- 
«*I»= 1 0-"AtfflS) C©SJE£^?U£ 
MtSnft^l'MOS Fv Q lOft^fMO 

[0054] fti5, iaiK*-r3te-b>-9-iiHm±, 

jgfflt-St)©T-fe-5o 

[0 0 5 5] bfc#ot\ #$6l«©7fe'fe>t>-|IlB&Bu 
*©*-fe >1tlll»fc Jt«e bt«/Mr >VnM I offl^T- 
tftlti«£EVDo©*fl3i**S^fctt> «/>*«^L.fc*f 

[0 0 5 6] «/h-b>-y-««ElD©«a«EVDo 

©SfflSrl£<-r-S-i:>& s T-^5©T\ ^-f^^v^l/> 

[0 0 5 7] $P,1C, y-rX^^iSYb-TS^h^T-^-S 
©Tn S/NJt&i« <-TSCi:^T-§i.. 
[0 0 5 8] EI6(ii©^t^5n^-V^.;i/MOS h 

? >^«>^ zm^tzft-t >*iiB©»js»«fiEia-e* 

JH^pfcms (vd) mt&&2tirzm&<Dmmm&7fi 
-to 

[0059] @3 c^-r3tee*iL»fettmpri63fe«nBT 
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